l. INTRODUCTION HE question as to the origin of the soft component of cosmic rays in the atmosphere has been the subject of much discussion in the last years. ' ' Until recently the general belief was that the soft component is produced partly by incoming primary electrons, partly by electrons arising from the decay of mesotrons and from collision processes of mesotrons in air. Lately Schein, Jesse, and Wollan' have suggested that practically all of the soft component may be a secondary product of mesotrons, the bulk of it being produced by the decay.
In the present paper the above hypothesis is developed quantitatively and the results are compared with experimental data. The main theoretical problem is to calculate the intensity of the soft component arising from the disintegration of mesotrons and the subsequent multiplication of the decay electrons in air. It has been shown by one of us' that this calculation can be carried out in a very elementary way, without making use of the multiplication theory of showers, if one assumes that the rate of production of the decay electrons does not change appreciably over a distance in which the showers generated by these electrons are completely absorbed. Bernardini and his collaborators4 have found that the intensity of the soft component calculated by this method increases with height more slowly than the observed intensity. How-WV. Heisenberg 
In fact, Eq. (5) gives a good approximation even if the energy spectrum of mesotrons, and consequently that of the decay electrons, undergoes an appreciable change. This is so because the shape of the shower curve depends only slightly on the energy of the particles which produce the shower. On the other hand, the area under the shower curve is correctly given by (5), according to Eqs. (3a) and (4).
The quantity X(tq -t)/p(tz -t) can be developed in a Taylor series:
Substitution of (5) (2) z(t, t)-
s(tg) =--Xo or, recalling (3a) and (4), We consider the Laplace integral of kit(t) with respect to t; i.e. , the function tk(t. , t)dt For E»s, Lz(X) can be evaluated by the method of residues, and the result is Lsee CRT, Eqs.
where s is defined as a function of X by the
Thus the problem is reduced to the determination of the quantities t, (t')A (t')A etc. Let k~(t1, t)dpdt~be the function representing the shower produced by the decay of mesotrons with momentum (p, dp) in the layer (t&, dt&) According to Section 2, k" is given by
both because comparatively few electrons are emitted with energy smaller than e and because these electrons have a very small range. Hence one can extend the integral from e to F. . "" rather than from 8; to F, . The same conclusion applies to (16c). Neglecting terms of the order of (o/p)', one obtains The function k(t~, t) describing the shower produced by the decay of mesotron s of all momenta larger than po in the layer (t~, dt&) is given by k(t" t) = JI k"(t"t)dp pp It follows that
The expression (16a) can be evaluated from (14a) and yields, if one neglects terms of thc order of (p/p)'-",
In the expression (16b) one can use (14b) f(ti, p) log -dp
Jf f(ti, p)dp PQ p f(t"p) log"-dp-
--f(ti, p)dp represent the average values of log p/e and log' p /a over the momentum spectrum of mesotrons from po to infinity.
LOW ENERGY MESOTRONS
We have considered so far only mesotrons with momentum larger than pp. The average energy of the electrons arising from thc decay of mesotrons with momentum less than po is small and we may assume that it is completely dissipated in a short distance from the place of production.
Therefore the function Xi(tm)dt2 representing the energy dissipated in the layer (l2, dt2) by the shower arising from the decay of mesotrons with momentum smaller than po (but different from zero) can be regarded as equal to the energy of the decay electrons produced in the same layer. This energy has aIrcady been calculated by one of us, ' assuming that the absorption curve for mesotrons has a constant slope for thicknesses less than x(), the range of mesotrons of momentum po. Since the whole term is very small compared with the contribution of the mesotrons with momentum above po, the error introduced by this assumption is negligible. The result is 1 ii Xo Xi($g) Zi(t2) =--2 r, p(t2) axo X [po p ta-n ' (p&~/ii)1, (22) where a is the momentum loss per g/cm' of the absorber used for mesotrons of momentum po, and X1 is the number of mesotrons stopped in the absorber; i.e. , the number of mesotrons with momentum smaller than po.
The contribution of mesotrons which disintegrate after having been stopped by collision losses is small and moreover uncertain, because part of the mesotrons may be captured by the nuclei before disintegrating. Therefore this contribution will be neglected.
Should the mesotrons disintegrate each into an electron and a photon, rather than an electron and a neutrino, the intensity of the soft component would be approximately twice as large as that given by these calculations. The above results yield for the total numbers of soft particles the values plotted in Fig. 1 as crosses. The ratios of these numbers to X are listed in Table I . In particular, at 4300 m the ratio between soft and hard particles is (n/X) g""--0.90+0.30, where the error corresponds to a generous estimate of the maximum uncertainty of the various quantities which enter in the calculation.
COMPAMSQN WITH EXPEMMENTS
On the other hand, the observed value for n/X at the same altitude is (n/N), ", = It is seen that the calculated number of decay electrons increases with altitude more rapidly than the number N of fast mesotrons, but much less rapidly than the observed number n of soft particles.
The conclusion that not all electrons are secondaries of mesotrons is further strengthened by a consideration of the variation of the intensities with zenith angle. In Table III The comparison of the theoretical results with experimental data, summarized in Fig. I and Tables I, II and III, indicates the existence of an electron component which increases more rapidly with altitude and has a sharper maximum in the vertical direction than the electrons arising from the decay or from collision processes of mesotrons. These electrons are probably the product of cascade processes of primary electrons. At a depth of about two-thirds of an atmosphere, they form a large fraction of the total electron intensity, while near sea level they seem to be not 
